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REMARKS/ARGUMENTS 

This Reply is in response to the Office Action dated January 11, 2006 and is 
accompanied by a petition for a one-month extension of time along with an authorization to 
charge the required statutory fee for the extension. 

In this Reply, claims 1-4, 26 and 32 have been amended and claims 3 1 and 36 have been 
cancelled. Claims 72-74 have been added. Support for the recited pH of 1 recited in claim 72 can 
be found in Example 6 which recites a pH range of 1 to 13, while support for a pH of 6 can be 
found in the summary as well as in original claim 33. New independent claim 73 recites "A 
slurry for chemical mechanical polishing (CMP), comprising: a bulk solution, said bulk solution 
being in a pH range of 1 to 6 or 8 to 13, and a plurality of nanoporous comprising particles". 
Support for the recited pH ranges can be found in Applicants' summary. No new matter has been 
added. 

In Applicants 1 Reply filed on October 27, 2005, claim I was amended to recite a slurry 
comprising "a plurality of nanoporous comprising panicles" to distinguish U.S. 6,048,577 to 
Garg who discloses a polishing slurry including only nanosize (but not nanoporous) panicles. 
However, in the instant action, although the anticipation rejections based on Garg and 
obviousness rejections based on Garg in view of U.S. 6,458,017 to Li were withdrawn, the 
Examiner identified a new reference to formulate new obviousness rejections. 

Specifically, claims are rejected based on newly cited U.S. Pat. 5,055,019 to Meyer et al. 
(cited for nanoporous particles) combined with Garg. According to the Examiner: 
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Garg teaches nano-sized powder of alpha alumina having silica coating thereon 
(column 5, lines 7-10). Garg further teaches a polishing slurry is comprised of a alumina 
powder has a silica coating wherein 95% of the particles have widths of from 20 to 
about 50 nanometers whDe less than 5% have particle sizes greater than 100 
nanometers and is dispersed in a liquid dispersion medium (claims 6 and 9). The 
aforementioned reads on. 

A slurry for chemical mechanical polishing (CMP), comprising: 
a bulk solution; and 

a plurality of particles, in claim 1; and 

encompasses an average particle size of said nanosize comprising particles is 
less than 500 nm, In claim 9 and is from 200 to 500 nm. in claim 10 

Garg differs if failing to teach a plurality of nanopoious comprising particles, In 
claims 1,5, 6, and 9 

Meyer discloses boehmftfc alumina compounds having AUOj and the compounds 
have a pore radii in the range of 3 to 100 nm (Abstract and column 1 , fines 6-10), which 
reads on a plurality of nanoporaus comprising particles. 

Since Meyer illustrates a plurality of nanoporaus comprises particles Is known, 
then it would have been obvious to one having ordinary stall in the an at the time the 
invention was made to modify Oarers slurry by employing compounds having a pore 
radii in the nm range as taught by Meyer, mdudmg applicants' specifically claimed 
range because such compounds can be used in polishing agents (Mayer, column 1, 
lines 11-16). 
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Applicants respectfully disagree with the assertion of obviousness based on Garg in view 
of Meyer. However, before reviewing the cited art, Applicants will review ihe claimed invention 
as now recited in amended claim 1 (copied below). 

1 . (Currently amended) A slurry for chemical mechanical polishing (CMP), comprising: 

a bulk solution including at least one additive selected from the group consisting of 
an oxidizer, a selective adsorption additive and a salt, and; 

a plurality of nanoporous comprising particles. 

The amendment to claim 1 thus adds an "additive selected from the group consisting of 
an oxidizer, a selective adsorption additive and a salt 1 '. Such additives are specific to chemical 
mechanical polishing (CMP), which is the basis of Applicants 1 claimed invention. Unlike CMP 
which relies on mechanical action as well as chemical action, general mechanical polishing, even 
when slurries are used, rely entirely on mechanical abrasion and thus do not include any of the 
recited additives recited in amended claim L For example, the oxidizer recited in claim 1 is 
clearly specific for the CMP of metals. 

Applicants have included text which distinguishes CMP processing from both mechanical 
polishing (disclosed by Garg and Meyer) and chemical etching. This article was published in 
MRS Bulletin October 2002 (full copy attached; salient details copied below): 

The CMP process is often confused wiih chemical etching, and/or mechanical polishing process. 
All the three processes achieve controlled material removal; however the mechanisms by which 
material removal is achieved are completely different. In a chemical etching process, material 
removal is achieved by a chemical reaction at the surface, resulting in the formation of dissolved 
species and subsequent transportation of the dissolved species from the surface. The etching 
rate/removal rate is constant and does not change with time. This is shown schematically in Fig. 
3. In the CMP process, the chemical reactions between the chemicals and the metallic layers 
result in a thin, non-dissolving and chemically passivating surface film which is subsequently 
removed by the mechanical action of the particles, initially the chemical reaction rate is high, but 
due to passivation effects, the reaction rate drops immediately. When the surface layer is 
removed by abrasive particles in the slurry, the surface film formation and passivation 
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phenomenon repeals itself (Fig. 3). Thus, static etch rate in a CMP process is quite low. In 
dielectric CMP, although surface passivation is not a critical issue, the formation of a soft 
bydrated gel-like layer on the surface is important to achieve high performance polishing. 

In mechanical polishing, the removal of material takes place by direct interaction of particles on 
the original surface. The material removal in this case can be considered to be due to the classical 
abrasion wear mechanism which involves indentation and the removal of material by a 
scratching process. This material removal mechanism typically requires high energy because 
bonds have to be broken by mechanical forces only. Due to large energy requirements, the 
removal rates are typically much lower than CMP unless larger sized particles are used, in which 
case high surface defectivity is obtained. Thus, an inverse relationship typically exists between 
the rate of removal and the surface finish. In contrast, in a CMP process, the chemical modified 
surface layer is much easily removed because of its inherent nature: soft, ductile layer in the case 
of silica and more brittle layers in the case of metals such as tungsten, copper, etc. Figure 5 
shows schematically the relationship between removal rate and surface finish for all three 
material removal processes. 

Garg is entitled "Nano-sized alpha alumina particles having a silica coating thereon" and 

discloses nano-sized powders of alpha alumina can be obtained from a boehmite gel doped with 

a barrier-forming material such as silica that is then dried, fired and comminuted to powder form. 

The only mention of porosity in Garg regarding porosity is in the background regarding 

"porous nature of the boehmite particles" as copied below: 

One of the problems in working with a boehmite gel to produce formed ceramic articles 
is that the gel cannot exceed about 65 wt % solids because of the porous nature of the boehmite 
particles. Thus there is a lot of water that needs to be driven off in the course of the drying 
process. In addition not only is there further shrinkage as a result of the elimination of the water 
associated with the boehmite, (which is of course alpha alumina monohydrate), but the phase 
change from the intermediate gamma phase (to which the boehmite first converts) to the final 
alpha phase also involves a shrinkage. Thus the direct fabrication of a ceramic product from 
boehmite is only practical for thin objects where the water loss can be relatively easily be 
accommodated and the shrinkages can be controlled. 

In one embodiment, Garg's does disclose a polishing slurry comprising a powder 

dispersed in a liquid dispersion medium (claims 9 and 10). However, Garg does not mention 

CMP and does not disclose or suggest Applicants 1 claimed CMP slurry including the claimed 

"nanoporous comprising particles" or the newly recited "additive selected from the group 

consisting of an oxidizer, a selective adsorption additive and a salt". 
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Meyer is entitled "Process for the production of boehmitic aluminas" and discloses a 
process for the preparation of boehmitic alumina compounds having a purity of, at least, 99.95% 
AI2O3. The compounds produced according to the invention have a pore radii in the range of 3 to 
100 nm. The preparation of such compounds is carried out by, first, obtaining an alumina 
suspension from a neutral aluminum alkoxide hydrolysis and, then, aging the alumina suspension 
in an autoclave, preferably, at a steam pressure of 1 to 30 bar, corresponding to a temperature of 
100 degree C. to 235 degree. C, for between 0.5 and 20 hours. The aging step of the invention is 
preferably carried out with stirring at a peripheral speed of 1 to 6 m/s. 

As noted above, to base an obviousness rejection of former claim I the Examiner 
combined Garg and Meyer based on the following reasoning: 

Since Meyer illustrates a plurality of nanoporaus comprises paitfctes is known, 
than tt would have been ofcvtou* to one having ordkmiy irioU In the art at tha frna the 
invention was made tp modify Gaig's tfuny by ecnptoying compound* having a pore 
radH in the nm range as taught by Meyer, including applicants' specfficaly claimed 
range because such compounds con be used in policing agents (Meyar, column 1. 
lines 11-16). 

Applicants acknowledge that Meyer mentions in a single place (cited by the Examiner) 

that the nanoporous particles according to Meyer can be used for "polishing". Applicants have 

copied the full paragraph below relied on by the Examiner. 

In the neutral hydrolysis of aluminum alkoxides, e.g,, as described in DE-AS 1 258 854, 
aluminas with a boehmite structure or .alpha.-aluminum oxide monobydrate are obtained. The 
products obtained have a maximum pore radius of 2 to 4 nm and can be used as pigments, fillers, 
polishing agents and catalyst carriers. However, it is particularly desirable, in the case of carrier 
materials for catalysts and for separating gaseous components, that such aluminas are obtained 
with a pore volume or with pore radii in a specific range. It is particularly desirable to increase 
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the pore volume of such aluminas and also lo increase the pore radius, while maintaining a \ery 
narrow pore radius distribution. 

Significantly, Meyer discloses the invention is "particularly desirable, in the case of 
carrier materials for catalysts and for separating gaseous components". Applicants note that in 
the case of catalysis, more surface area is clearly desirable as it increases surface area for the 
reaction to take place. In contrast, there is no apparent advantage in using porous particles for 
polishing (as compared to conventional solid panicles). Significantly, particle porosity is well 
known by those having ordinary skill in the an to reduce the mechanical integrity of the 
particles. For example, one having ordinary skill in the an of mechanical polishing porosity 
would readily appreciate that porosity of any kind would mechanically weaken the particles and 
make the particles susceptible to fracture or even pulverization during mechanical polishmg. 
Thus, since mechanical integrity is a known problem regarding porous particles and no 
advantages regarding porous particles are disclosed or known to those having ordinary skill in 
the art, porous particles including nanoporous particles are taught away from for mechanical 
polishing applications. 

Moreover, Applicants can find no suggestion or motivation to modify Garg to add the 
nanoporosity disclosed in Meyer in any of the references of record in this case. MPEP 2 143.01 
entitled "Suggestion or Motivation to Modify the References" describes the required elements 
necessary under the Patent Law to properly support a finding of a motivation to modify 
references. A portion thereof is copied below: 

In determining the propriety of the Patent Office case for obviousness in the first instance, it is 
necessary to ascertain whether or not the reference teachings would appear to be sufficient for 
one of ordinary skill in the relevant art having the reference before him to make the proposed 
substitution, combination, or other modification." In re Linter, 458 F.2d 1013. 1016, 173 USPQ 
560, 562 (CCPA 1972). 
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Obviousness can only be established by combining or modifying the teachings of the prior art to 
produce the claimed invention where there is some teaching, suggestion, or motivation to do so 
found either explicitly or implicitly in the references themselves or in the knowledge generally 
available to one of ordinary skill in the art. "The test for an implicit showing is what the 
combined teachings, knowledge of one of ordinary skill in the an, and the nature of the problem 
to be solved as a whole would have suggested to those of ordinary skill in the art." In re Kotzab, 
217 F.3d 1365, 1370, 55 USPQ2d 1313, 1317 (Fed. Cir. 2000). See also In re Fine, 837 F.2d 
1071, 5 USPQ2d 1596 (Fed. Cir. 1988); In re Jones, 958 F.2d 347, 21 USPQ2d 1941 (fed. Cir. 
1992). 

Regarding Applicants' recited nanoporosity, the Examiner asserts that the motivation to 
add the nanoporosity disclosed in Meyer to Garg's slurry is "because such compounds can be 
used in polishing agents". 

Applicants respectfully traverse the above-provided motivation to add the recited 
nanoporosity to Garg's slurry particles. The single mention in Meyer that nanoporous panicles 
can be used in polishing, without the recognition of any advantages thereof, does not provide the 
required "teaching, suggestion, or motivation" to modify be "found either explicitly or implicitly 
in the references themselves or in the knowledge generally available to one of ordinary skill in 
the an. Without the benefit of Applicants' application one having ordinary skill in the an would 
not specifically recognize the advantages of the reqte4 nanoporosity for CMP described in 
Applicants' application which have unexpected found to provide improved CMP results . As 
noted above, nanoporosity is taught away since one having ordinary skill in the an of mechanical 
polishing would recognize that porosity of any kind would mechanically weaken the panicles 
and make them susceptible to fracture or even pulverization. Accordingly, absent impermissible 
hindsight regarding Applicants' findings, one having ordinary skill in the an would not recognize 
a single advantage of nanoporosity for CMP panicles as described by Applicants. Accordingly, 
since there is no motivation for one having ordinary skill in the art to modify Garg's slurry 
particles to add nanoporosity, and the mechanically compromised porous particles would 
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themselves teach away from use for polishing, amended claim 1 is believed to recite an inventive 
step and thus render claim 1 and claims dependent thereon patentable over the cited ait. 

In addition, following Applicants' amendment to claim 1, Applicants note that Garg and 
Meyer are now both clearly unrelated art relative to Applicants 1 claimed CMP slurry which now 
recites a CMP specific additive. Although Garg discloses a polishing slurry, the slurry is a 
simple mechanical polishing slurry. Meyer's single mention of the nanoporous particles for 
"polishing" does not mention a polishing slurry, nor clearly CMP. Accordingly, both Garg and 
Meyer are wholly unrelated to CMP. As noted above, while general mechamcal polishing, even 
when slurries are used, rely entirely on mechanical abrasion, CMP relies on mechanical action as 
well as chemical action, and thus requires chemically active additive(s) to achieve the desired 
action. Applicants have copied MPEP 2141.01(a) below to emphasize that at least Meyer is 
nonanalogous art. 

2141.01(a) Analogous and Nonanalogous An 

TO RELY ON A REFERENCE UNDER 35 U.S.C. 103, IT MUST BE ANALOGOUS PRIOR 
ART 

The Examiner must determine what is ''analogous prior art" for the purpose of 
analyzing the obviousness of the subject matter at issue. "In order to rely on a 
reference as a basis for rejection of an applicant's invention, the reference must 
either be in the field of applicant's endeavor or, if not, then be reasonably 
pertinent to the particular problem with which the inventor was concerned." In re 
Oetiker, 977 F.2d 1443, 1446, 24 USPQ2d 1443, 1445 (Fed. Cir. 1992). See also 
In re Deminski, 796 F.2d 436, 230 USPQ 313 (Fed. Cir. 1986); In re Clay, 966 
F.2d 656, 659, 23 USPQ2d 1058, 1060-61 (Fed. Cir. 1992) ("A reference is 
reasonably pertinent if, even though it may be in a different field from that of the 
inventor's endeavor, it is one which, because of the matter with which it deals, 
logically would have commended itself to an inventor's attention in considering 
his problem. 11 ); and Wang Laboratories Inc. v. Toshiba Corp., 993 F.2d 858, 26 
USPQ2d 1767 (Fed. Cir. 1993). 

Applying the above rule, Meyer is clearly outside Garg's field of endeavor, that being 
polishing slurries. Meyer is also not reasonably pertinent to the problem at hand, mechanically 
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polishing a surface using a slurry, as Meyer does not relate to slurries for polishing at all. 
Accordingly, Applicants submit that one having ordinary skill in the an reading Garg would not 
consider Meyer's nanopomus particles since Meyer is nonanalogous an to slurry-base polishing. 

Some claims are believed to provide separate bases for patentability, for example, 
amended claim 2 recites "The slurry of claim 1, wherein said additive comprises said selective 
adsorption additive", such as a surfactant or surface active polymer. As taught in the present 
application, the claimed nanoporous slurry particles provide unexpected and highly 
advantageous results, particularly when used in conjunction with Applicants' selective adsorption 
additive comprising slurry recited in claim 2. Specifically, in this arrangement, because of the 
porous panicle surface, the adsorption of surfactants or polymer additives can occur at different, 
and generally lower, concentrations as compared to bulk panicles. 

Moreover, claim 6 which recites "wherein said nanosize nanoporous particles comprise 
nanoporous cores coated with a solid material coating or first core material coated with a second 
material, said second material being a nanoporous coating" appears to have been improperly 
rejected because no basis in the cited an for the limitation recited is provided. 

New independent claim 73 recites "A slurry for chemical mechanical polishing (CMP), 
comprising: a bulk solution, said bulk solution being in a pH range of 1 to 6 or 8 to 13, and a 
plurality of nanoporous comprising particles ,, . The pH, like Applicants slurry additives recited in 
amended claim 1 are specific to CMP. In contrast, mechanical polishing slurries are essentially 
neutral (pH of 7). Accordingly, for reasons analogous to those described above relative to 
amended claim I, claim 73 and its dependent claim are believed to recite an inventive step and 
thus be patentable over the cited an. 
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Conclusion 



Accordingly, in view of the above, Applicants submit amended claim I which recites a 
sluny for chemical mechanical polishing (CMP), comprising a plurality of nanoporous 
comprising panicles together with a bulk solution including at least one (CMP SPECIFIC) 
"additive selected from the group consisting of an oxidizer, a selective adsorption additive and a 
salt" is patentable over the cited art, as are claims dependent thereon. Similarly, new claim 73 
which recites a slurry for chemical mechanical polishing (CMP), comprising a plurality of 
nanoporous comprising particles together with a bulk solution being in a (CMP SPECIFIC) pH 
range of 1 to 6 or 8 to 1 3 is patentable over the cited art, as is its dependent claim. Applicants 
have made every effort to present claims which distinguish over the cited art, and it is believed 
that all claims are now in condition for allowance. However, Applicants request that the 
Examiner call the undersigned if anything further is required by the Examiner prior to issuance 
of a Notice of Allowance for all claims. I 
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Mechanical 
Penalization 

Rajiv K. Singh and Rajeev Bajaj, 
Guest Editors 



Introduction 

In the past decade, cherruca l-mecfuuiical 
piaiwizatiun (CMP), also Known a* 
chemical-mechanical poushing, has 
emerged as the fastest-growmg operation 
in the semiconductor manufacturing in- 
dustry, and 4t is expected to show equally 
explosive growth m the future. 1 It is esti- 
mated mat more than 150 million pla- 
narization operations will be conducted 
this year, and that number is expected to 
double w*thin the next three years. 2 This 
rapid increase will be fueled by the intro- 
duction of copper-based mterconnects for 
logic and other devices. 3 Other novel ap- 
plications of CMP for next-generation 
nanoscale devices are rapidly emerging 

The market sue for CMP equipment and 
consumables (slurries, pads, etc) grew 
rrom $250 million in 1996 to over 51 bUlion 
in 2000/ The consumables market, espe- 
cially in the area of slurries, *s quae robust 
and is expected to increase from the 



present level of $250 million to more than 
$800 miiliun Witnm the next five years. 3 
The slurries, which typically contain 
parade-based abrasives and chemical ad- 
ditives, represent the largest value-added 
application of nanoparocles — a key area of 
narurtechnulogy that is currently garnering 
substantial funding from governmental 
organizations and private corpora nans. It 
has been estimated mar CMPnanopartides 
alone will constitute nearly 60% of the 
total $1 bUuon worldwide market for 
nanopowders by 2005. 

One of the unique aspects of CMP is 
that the process was invented, developed, 
and put into application by the industry 
itself without any significant intemctiun 
with academic institutions Consequently, 
the whole process is shrouded in secrecy; 
with most of the literature available in me 
form of patents. The composition of me 
slurry b the most secretive element. A casu- 



alty of this approach has been the lack of a 
fundamental understanding of the CMP 
process This lack is further compounded 
by the large number of input variables 
(>20) and output variables (>4) mat need 
to be optimized. 5 Furthermore, the science 
of CMP is quite different from traditional 
semiconductor manufacturing technology, 
which is based on film deposition, ion 
implantation, photolithography, thermal 
annealrn& vapor-phase processing, and so 
on 6 For CMP, an entirely new knowledge 
base and set of skills, involving parade 
technology, corrosion, tribology and tribo- 
cherntcal phenomena, wet and surface 
chemistry, fluid flow, and mechanical 
properties of polymers, are considered es- 
sential. 5 These areas traditionally have not 
been the focus of serrucondiiCtor manufao 
tunng practitioners. 

All of these factors have contributed to 
the impression that CMP is more of an an 
man a science, furthermore, misccriceptiork 
exist among semiconductor manuiactur- 
ing practitioners because of a faJure to 
distinguish CMP from other controlled 
rrurterial-rernoval techniques such as 
chemical etching and mechanical polish- 
ing. As an example, die most widely used 
njndamental equation in CMP. Preston's 
law, is nonetheless flawed, as n is solely 
based on concepts derived from mechani- 
cal polishing. 7 ' 4 Further insights into this 
aspect are discussed in the next section 

The articles m this issue not only pro- 
vide gumpses into technological advances 
in the CMP process, but also give a solid 
framework for understanding CMP phe- 
nomena. Important materials-related issues 
are highlighted. This overview provides a 
brief description of the process, some key 
advancements, and emerging applications 
of CMP 

Brief Description of the Process 

CMP combines chemical and mechanical 
interactions to plananze metal and dielec- 
tric surfaces using a slurry composed of 
chemicals and subnucron-sized particles. 5 
A schematic diagram of the CMP opera- 
tion is shown in Figure 1. The slurry is fed 
onto a polishing pad made of a porous 
polvmer. By moving the pad across the 
wafer in a circular, elliptical, or linear 
rnotion, the wafer surface is polished. The 
polymeric pad performs several func- 
tions, including uniform slurry transport, 
distribution and removal of the reacted 
products, and uniform distribution of 
applied pressure across the wafer In a 
typical CMP process, me chemicals inter- 
act with the material to form a chemically 
modified surface. Simultaneously, the 
abrasives in the slurry mechanically inter- 
act with the cheuucaiiy modified surface 
layers, resulung in material removal. 10 
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Pressure 




Figure i Schematic aagmm of a typtcai 
cnemtGai-mechantcai putnarikation 
(CmP) process, w, and ^ refer to the 
angular vefooty of u& carrmr *na trm 
pmwn, respectively 



A mechanistic understanding of the CMP 
process can be developed by studying the 
wafer-pad-slurry interactions that occur 
at both the rrucro- and nanoscale (Fig- 
ure 2) At the rrucroscaie. the rough pad 
carrying the par ride-based slurry interacts 
with the surface of the wafer. Ir is gener- 
ally believed that the parades, which are 
between die wafer and the pad, partici- 
pate in a mechanical abrasion process that 
results *n material removal At the nano- 
scale. the kinetics of the formation and 
removal of the thin surface layer controls 
CMP output parameters such as removal 
rate, surface pjanariry, surface detectivity, 
and slurry selectivity (the polishing rate of 
the rop layer as compared with the under- 
lying Jayer). 



Although the CMP process is intuitively 
quite simple, achieving a more detailed 
understanding has been limited primarily 
by the large number of input variables in 
the polishing process. Table 1 lists the vari- 
ous systems-level variables in CMP. They 
include slurry variables (such as particles 
and chemicals), pad variables, tool vari- 
ables (down pressure and linear velocity X 
and substrate variables (pattern density. 
etc). 5 Ihe total number of variables can 
exceed 20, making the process difficult to 
understand and control Tirne-dependenr 
attributions by same of these variables 
cause further complexities in the process. 

As mentioned earlier: the CMP process 
is often confused with chernical etching or 
mechanical polishing. All three processes 
achieve controlled material removal; how- 
ever, the mechanisms by which material 
removal is achieved are completely differ- 
ent. In a chemical-etching process, mate- 
rial removal is achieved by a chernical 
reaction at the surface, resulting in the 
formation of dissolved species and sub- 
sequent transportanon of the dissolved 
species from the surface. Ihe etching (re- 
moval) rate is constant and does not 
change with time. This is shewn schemati- 
cally in Figure 3 In the CMP process, ihe 
reactions between the chemicals and the 
metallic layers result in a thin, nondissolv- 
ing, chemically passivating surfee* film 
that is subsequently removed by the me- 
chanical action of the particles, lnioally. 
the chemical reaction rare is high, but due 
id passivation effects, the reaction rate drops 





immediately- When the surface layer is 
removed by the abrasive panicles in the 
slurry: the surface-film formation and pas- 
sivation phenomenon repeats itself (Fig- 
ure 3). Thus, the static etch rate in CMP is 
quite low. In CMP of dielectric materials, 
although surface passivation is not a 
critical issue, the formation of a soft, hy- 
dra ted gel-like layer on the surface is 
important in order to achieve high- 
performance polishing. 

The CMP phenomena can be simulated 
by mbocheiracal experiments that involve 
sliding a ball across the surface of a 
sample. 13 Figure 4 shows the results ob- 
tained from abrading a tungsten substrate 
subjected to various chemical and electro- 
chemical conditions with an alumina ball 
The transient electrochemical current was 
measured during the oscillating sliding 
motion of the ball The current denary in- 
dicates the formation of the reacted layer 
on the surface. The figure shows that the 
layer formation rate (current density) is 
very high when the ball sJides across the 
tungsten plate and decreases Significantly 
when the tnbological motion is stopped 

The CMP prieriomena, especially in 
metals, are very similar ro the results of these 
experiments. Slurry chemicals and par- 
ticles are chosen appropriately to modu- 
late this interaction process The amde by 
Singh et al. m this issue provides details 
on the mechanism of CMP as well a* the 
principles behind sluny design— one of 
the most important and perhaps least un- 
derstood aspects of the CMP process. 

In rnecharucal polishing, the removal of 
material results from the direct interaction 
of particles on the original surface, that is, 
the classical abrasion-wear mechanism, 
which involves indentation of the surface 
and the removal of material by a scratching 
process.** This material-removal mecha- 
nism typically requires high energy be- 
cause bonds have to be broken using only 
mechanical forces. Due to the large energy 
requirements, removal rates are typically 
much lower than CMP unless larger-sized 
particles are used, in which case high sur- 
face defectivny results. Thus, an inverse 
relationship typically exists between the 
rate of removal and the fineness of the sur- 
face finish- In contrast, in a CMP process, 
the chemically modified surface layer is 
much more easily removed because of its 
inherent nature: a soft ductile layer rn the 
case of silica and more brittle layers in the 
case of metals such as tungsren and copper 
Figure 5 shows the relationship between 
removal rate and surface finish fur all 
three material-removal processes 

Currently, the most widely used equa- 
tion m CMP is Preston's law, which states 
that the removal rate of a material *s di- 
rectly proporuunal to the applied pressure 
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Table ): Correlation of Systems-Level Variables with Micro- and Nanoscaie Effects 
and Output Parameters In Chemical-Mechanical Planarfzatiorw 



— CtacmteJ etching 



input variables 

Particle cnaractensto 
Size 

Size a^tnduifon 
Snape 

Mecnanicai properties 

Chemistry 

Dispersion 

Concentration 

Agglomeration 

Oversoeo particles 

Slurry cnemtstry 
Oxidsers 
ph sweojzers 
Compte*ng agents 
DiSpersants 
Concentration 
pH and pH aritt 



Microscale 
Para Tib tens 

Pad 
Contact area 
Pressure on me pad 

Particles on the pad 
Pressure 
Coverage 

Chemical concentration 
and distribution 

Contact mode 
Direct 
Muted 

hydroplaning 



Nanoscaie 
interactions 

Criernomecnanjcat 
Dynamics of Surfece- 
layer formation 
Thickness 
Unrfbrmlty 
Rate of 
formation 
Layer removal 
mechanism 
Aomsion frequency 

Chemical and 
mechamcai 
Etching 

removal 



Output 
Parameters 

Removal rate 
Planarization 
Surface fJnisn 
Selectivity 




Ftguro 3 Schematic diagram showing 
the difference between CMP and 
cnerrvcai etching in their surface 
reaction lunatics, in chemical etching, 
the removal rate is constant and does 
notcnange with time in the CMP 
process, the reactions between the 
cnenucats and v» mem&e layers 
result in e trun, nonchssotvtng. 
cherrucauy pussivating surface film, 
which is subsequently removed by 
me mechanical action of the particles, 
initially, the chemical reaction rata is 
high, but due to passivation effects, the 
reaction rate drops immediately When 
the surface layer is removed by the 
abrasive particles in the slurry, the 
surface film formation and passivation 
phenomenon repeats *tseit 



Down pressure and 
linear velocity 

Pad charactenstics 
Mecnamcai properties 

Topography 
Conditioning 

Separate characteristics 
Feature size 
Feature density 



and relative velocity or the parades across 
the wafer. 7 ' 9 This equation was first sug- 
gested nearly 75 years ago for deteniuning 
material removal when two plate* were 
rubbed against each other Subsequently, 
it was modified to incorporate parucle- 
based polishing. Although this equation 
(with minor modifications) has been used 
extensively in CMP because of its appar- 
ent simplicity, it has two fundamental 
flaws that haul its applicability. First, this 
equation was developed for mechanical 
polishing only; without taking into account 
any chemical synergistic effects Second, 
being a phertconcnoiogical equation, a faib 
to provide any insight into the interaction 
process, even trom the mechanical view- 
point (e.g.. the effects of particle size, 
concentration, and Other slurry and pad 
variables) Based on these two reasons. 
Preston's law should not be the starting 
point for understanding CMP phenomena 
Instead, new fundamental mechanistic 
approaches, which take into account syn- 
ergistic mechanical and chemical effects, 



and nonhneanties due to pad interactions, 
should be developed. The article by Singh 
et al provides one such approach to ad- 
dress this issue. 

A more elegant method for understand- 
ing the effect of the process variables is to 
determine the rrucroscaJe and nanoscaie: 
effects that occur in CMP (Table 1). For 
example, if one d ecr eases the parade size 
in a CMP slurry, the following micro-/ 
nanoscaie effects may occur surface cov- 
erage of the particles on the pad may in- 
crease (miaoscale), material removal per 
particle may decrease due to lower stresses 
(nanoscaie). and me degree of surface 
scratching may decrease due to reduced 
indentation (nanoscaie) Similarly, if the 
chemicals are varied, the dynamics of layer 
formation cm be altered. In situ measure- 
ments of these effects will represent an 
important step in understanding the mecha- 
nisms of the CMPpocess. In their article, 
Mompour et al. describe some advanced 
analytical methods for characterizing CMP 
consumables and testing their mteracttons 
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figure* Transient electrochemical 
current measurements as a function 
of me for a tungsten Surface abraded 
in en oscillating motion with an 
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Figure 5l Schematic diagram showing 
the removal ram and sunace finish 
ootamed u**ng cnemJcal etching, 
mechanical polishing, and CMP. 
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A*msived After CMP 




FtQute 6 fal. (*y Scanning tiecirtu) nbOGscopy tmagos ana (c), (aj atomic force microscopy 
images of copper surfaces before (toft) ana after (right) the Single-component aorasiv&Jree 
CMP process 



CMP Advancements and 
Emerging Issues 

With the introduction of CMP into the 
mainstream semiconductor industry less 
than 10 years ago, several advancements 
in fextfs. the process itself, and the con- 
sumables used (particularly slurries) have 
taken place ro meet me increasing demands 
of the field. Compared with single-platen 
tools introduced initially, the new CMP 
tools have Several platens and employ the 
ctry-*n and dry-out concept (in which the 
wafer enters and exits the process m a 
dry state) that integrates bom the polish- 
ing and me cleaning processes with me 
same equipment. 14 Nonrocaong platforms 
that enable ellipocal and linear motion 
have been developed. 14 The tools are also 
equipped with state-of-the-art slurry han- 
dling systems, slurry mixing systems, and 
sophisticated mul ozone end-pomr detec- 
tion controllers. 

Significant dunces ha v e Occurred in con- 
sumables, especially m the area of slurry 
formulation. Slurries containing smaller* 
sized nanoparticles and novel particles such 
as ceria have entered mainstream CMP 
applications ^ Other functional particles, 
such as coated and nanoporous parades, 
have been demonstrated for CMP. 1A The 
development of "abrasive-rree" slurries 
for soft materials such as copper has been 
an exciting new advance, 17 In the abrasive- 
free approach, chemicals are used to soften 
the oxide layer on copper so that it can be 
removed by the rriecharucai action of me 
pad. The elimination of pamcies in the 
slurry reduces the risk of surface defectivity 
during the perishing process. The article by 
Haruuono et al highlights this appnoach. 

Other promising abrasive- free ap- 
proaches to copper polishing have been 
developed. 1 ** One such approach uses a 
"single-component" shiny to directly make 
a soft layer on the copper Surface, which 
can then be mechanically removed by the 
polymer pad An example of a blanket 
copper surface (copper deposited on an 
unpattemed wafer surface) before and 
after polishing using this method is 
shown in figure 6. ,v The figure shows that 
the as-deposited copper surface has a rms 
roughness exceeding 65 run, which can be 
reduced to less than 2 nm after short pol- 
ishing tunes (30-45 s). Addiaonally; scan* 
nine electron microscopy of polished 
Surface shows the scratch-free polishing 
capability of trus approach. Abrasive-free 
CMP slurries have the potential to con- 
siderably simplify slurry handling and 
monitoring, reduce surface 4efectrv»ty 
and stresses, and sigruhcantly increase 
polishing selectivity with respect to the 
underlying tantalum or dielectric layer. 

Other adv jncements in slurry engineer* 
ing include the use of additives and chemi- 
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cals to further control CMP performance 
One example is the development of low- 
stress slurries for CMP of copper inter- 
connects on Jow-k substrates The issues 
involved in polishing fragile low-* mate- 
rials are highlighted in the article by Bajaj 
et al. The mechanical fragility of low-* di- 
electrics requires the use of slurries that 
produce low stresses On the surfaces. The 
softness of low-* materials, as compared 
with silica, makes them susceptible to 
scratching, deUrrunanon, and indentation 
when standard abrasives are used. By 
manipulanng the particles as well as me 
addiqves, shear sues* from the slurries 
can be significantly reduced Figure 7 
shows friction force measurements during 
polishing of a copper /low-* dielectric 
(carbon-doped silica) surface using stan- 
dard siUca qbraMvisi and formulated slur- 
ries with specific additives. 1 * The figure 
shows that shear forces can be signifi- 
cantly decreased by the use of specific ad- 
ditives in the slurry One expects this type 
of approach to be further emphasized 
with the introduction of low-* materials in 
semiconductor production in the coming 
decade. 

Another important area that is expected 
to show significant advancement b high' 
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Figure 7. Friction force measurements 
br conventional ana lo^stress CmP 
stumes used to polish a coppeniowK 
d&ecmc surface 



planariry polishing of dielectric materials 
Due ro widely varying topographies of 
the surface, slurries have to be designed 
that will enhance the planariry of the pol- 
ishing process. The polish rate of typical 
particle-based slurries increases linearly 
with applied pressure Although trus leads 
to plananzaoon of the surface, slurries 
that have an even higher planarization 
capability are required, due to varying 
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partem (Un&u& and penocUdues. One 
method developed by 3M is the use of a 
pad embedded w;th abrasive siiica/ceria- 
bosed parades. 20 These pads have been 
used tu achieve high-plarianty polishing 
of silica for shallow trench isolation (ST1) 
applications. Slurries that exhibit non- 
Prestonian variations in polish rate as a 
function of pressure, resulting in rugh- 
pUnanty poshing, arc expected ro be 
used in the future for both dielectric and 
metal applications 19 

The rapid nuruarurizanon of semicon- 
ductor devices has placed more exacting 
requirements on the CMP process Smaller 
devices require a high degree of control, 
and the manufacturing operation has a 
smaller process window An example of 
these more stringent requirements is the 
STJ process, which is used to isolate ad- 
jacent devices on a wafer. Issues such as 
nanotopography (nanometnc changes 
across a millimeter length scale) may sig- 
nificantly lead to nonplarurity and limit 
our ability to achieve high-yWd CMP 
processes The article by Boning and Lee 
focuses on the effect of nano topography in 
STi pulishing- 

Emerging Applications 

With the increased popularity of and 
familiarity with CM? technology to pla- 
narize surfaces and fabricate embedded 
subrrucron structures through polishing, 
new applications of this technology are 
expected to emerge at a rapid rate lew 
growth ot microchip complexity based only 
un silicon technology m fast approaching 
funaarnfintal limits* New technologies 
that incorporate novel materials and struc- 
tures onto silicon may become the driving 
force to sigrufccaniiy maintain or acceler- 
ate Moore's law (Gordon Moore's predic- 
tion that the computing power of a chip 
will double every 12-18 months) CMP is 
expected to play a key rote in these next' 
generation micro- and nanofabncauon 
technologies. Some of the potential areas 
in which CMP could play a significant role 
include the formation of gate tsleeirodes 
for high-* dielectrics, gate structures and 
interconnect tedmology tor ferroelectric 
and ferromagnetic nonvolatile memories, 
STI applicanons in high-speed Si-Ge de- 
vices, pianarization of mulr4d*rru*ns*ortti 
n^cxc^iectrorr^cnarucal systems (M£MS). 
fabrication of troee^dirnenSuinal memories 
and opticai-bandgap materials, and pla- 
nanzaoon of Ui-V and other semiconduc- 
tor substrates (aluminum nitride, gallium 
nitride, silicon carbide, diamond, etc-) for 
high-qualiry epitaxial growth. The article 
by Evans focuses on some future applica- 
tions of CMP. 

In all of tltese applications, CMP is con- 
sidered an enabling technology, and its ap* 
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plications are expected to expand to more 
chemically complex materials and mechani- 
cally fragile structures. In this regard, there 
is irnmense room for integration of new 
fabrication, technologies on silicon. An ex- 
ample of this is shown in the integration 
of embedded metal and oxide structures 
onto silicon by means of CMP 14 Figure 8a 
shows a cathodolurrunescent image of 
europium-doped yttrium oxide phosphor 
structures embedded m silica using CMP- 
These structures exhibit much brighter 
cathodcdurxuriescertce than a blanket flat 
film, thus showing great potential for field- 
emission display applications Another 
example Of the integration of novel mag^ 
neuc structures onto silica is shown in 
Figure 8b Irus figure shows embedded 
magnetic subrnicron cobalt structures dis- 
tributed periodically mside a silica matrix. 
To make mis structure, a conformai film of 
tantalum is deposited inside silica vias, 
followed by electrochemical deposition of 
cobalt and then planamation Such Struc- 
tures are expected to be utilized in 3D 
patterned storage media or other device 




Ftgure 8. &mmpte of new emoeaaed 
structures obtained by QMP. 
{a) Europfum-aop&a yttrium oxide 
ptvrsphar structures embedded tn s/Uce 
using CmP These structures wenioit 
much ortgnier catfiodoiijrntnescence 
man a otantet flat Qm, thus snowing 
great potential tar feto^ernnsion display 
applications, (b) Magnetic submcrun 
cobalt structures embedded in a $mca 
matrix Such structures are expected to 
be used m ttvee-dtmensionai patterned 
storage media or other device 
structures. 



structures It is expected mat wuh further 
advancements in photolithography, even 
smaller nanoscale embedded structures 
will be fabricated in the future. 
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ot Hitachi Chemical Co 
Ltd in Tokyo. Hb inter- 
ests include the devel- 
opment Of polymer 
materials (photoresists, 
polymer electrolytes) 
through an electrochemi- 
cal approach He joined 
Hitachi in 1991 and re- 
ceived his BS degree in 
polymer science from 
the Tokyo University of 
Agriculture and Tech- 
nology in 1992 

Araanokura can be 
reached by e-mail at 
j-ainanokura® 
hiwchi-chem co.jp. 

C. Bahar Basixn re- 
ceived her PhD degree 
in materials science and 
engineering from the 
University of Florida in 
2002 with specialties in 
electronic materials and 
particle science and 
technology. Her disser- 
tation research focused 



Kyu-Se Choi 

on the design of engi- 
neered particulate 
systems for chemical- 
mechanical plan&nza- 
udn applications. As a 
part of the CMP re- 
search group at the 
Engineering Research 
Center for Particle Sci- 
ence and Technology at 
the University of florida. 
she has studied the im- 
pact of slurry-particie 
size distribution and 
stability and solids con- 
centration on pad- 
parucle-subsTrate inter- 
actions during CMP She 
obtained Iter MSc de- 
gree in mining and min- 
erals engineering from 
the Virginia Polytechnic 
Institute and State Uni- 
versity in 1997, and her 
BSc degree in mining 
engineering from the 
Middle £a*t Technical 
University in Ankara. 
Turkey. 

Basim am bis rKirh+fl 
by e-mail at gbusi® 
rnse.uiledu. 

Doane Boning is an as- 
sociate professor of elec- 
trical engineering ana 
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Wonseop Choi 

computer science at the 
Massachusetts Institute 
of Tecrinology. as well 
as associate direaor Of 
IvflTs Microsystems 
Technology Ubumturie* 
His research focuses on 
variation modeling in- 
terconnect technology, 
and control in senu- 
cc^uctor processes, 
with apodal emphasis 
cm diermcaJ-inecharuciU 
polishmg and plasma 
etching 

He earned jus degrees 
from MJT m electrical 
engineering and com- 
puter science, including 
a PhD degree in 1991. 
from 199; to 1993, he 
was a member of the 
technical staff at Texas 
Instruments in Dallas, 
when* he worked on 
process and device simu- 
lation, tool integration, 
semicond actor process 
representation, and sta- 
tistical modeling and 
opumaanon Boning 
has murtf than 120 papers 
and conference presen- 
tations in these areas of 
research. He b» editor 
in chief of IEEE Trent- 



David Evans 

actions on Ssmicojiduaor 
Manufactur ing an d is a 
member ot IEEE ECS, 
MRS, and ACM. 

Boning can be 
niched by e-mail at 
borung®mil.mit.edu 

Ken Cadien is director 
of innovative technology 
and an Intel Fellow in 
the Technology and 
Manufacturing Group 
at Intel Corp In his cur- 
rent portion, he directs 
pamtmding activities re- 
lated to advanced inter- 
connects, focusmg on 
chemical -mechanical 
piarurwaUon and met4 
depositiQn. He pined 
Intel in 1990 as a group 
leader for than films, 
and in 1997. he was 
promoted to principal 
engineer, responsible 
fur groups wuiidng in 
copper technology and 
advanced polishmg He 
was appointed Intel Fal- 
low in 1999 

Cadien received his 
B A and ME degrees m 
metallurgy from McGUl 
University m Montreal 
m 1974 and 1977. re- 



spectively. In 1981, he 
received his PhD in ma- 
terials soence from the 
University ot Illinois, at 
Urbana-Champaign. 

Prior to ruS work at 
Intel, he held trun-fiim 
enginae ring and research 
positions at Eastman 
Kodak and Westaim 
Corp. hte also was an 
assistant professor at 
Rensselaer Polytechnic 
Institute. Department 
of Materials Science 
and the Center for Inte- 
grated Electronics, from 
1983 to im 

Cadien's work has 
been published in nu- 
merous journals, and he 
holds eight patents. 

Cadien can be reached 
by e-mail at kennerh 
cadientontelcom 

Zhan Chen is a seruor 
engineer working at 
the Intel Corp He cur- 
rently conducts research 
and development On 
fipmirrmdiKtnr device 
processing, including 
a^electnc nJtn deposition. 

Chen received a 
BS degree in chemistry 
from Peking University 
m 1996 and a PhD de- 
gree in materials scence 
and engineering from 
the Uruversity of Florida 
in 2000 As a graduate 
student, he worked in 
several areas, including 
chenucal-rnecharucal 
plana n ration , front-end 
gate deaning. nucro- 
bctttenes, and phosphor 
and oxide thm turns 
He has also developed 



several models that Il- 
lustrate the interparode 
forces during cleaning 
and CMP. His work his 
led CO the development 
of novel, abrasive-ftee 
chemistries for copper 
polishing. He has co- 
authored 11 technical 
papers and has filed for 
two U S. patents. 

Chen Can be 
reached by e-maJ 
at zhan. a2. chen® 
mtel com. 

Kyu-Se Choi is a PhD 
student in the Depart- 
ment of Materials Sci- 
ence and Engineering at 
the University of Florida. 
Hi* current research in- 
volves the synthesis of 
nanoporous parades 
and coated particles for 
vanous advanced mate- 
rial* applications. His 
work has led a> five 
publications and one 
pending U S. patent He 
received his Ba degree 
from Chungruun Na- 
tional University in 
Taejoa Korea 

Choi can be reached 
by e-mail at kchoi® 
mseufledu 

Wonseop Choi is a PhD 
student in the Depart- 
ment of Materials Sci- 
ence and Engineering at 
me University of Florida. 
His current studies focus 
on the verification of 
chemical-mechaTucal 
planarizarion mecha- 
nisms using in Sttu 
friction force measure- 
ments. He received his 
M5 degree in metallur- 
gical engineering from 
Hanyang University m 
Seoul. Korea, in 1998. 

Chcu can be reached 
by e-mail at wchoift 
mseufledu 

David Evans IS 
senior manager of 
the mtegrated-Qrcuit 
Process Technology Lab- 
oratory at Sharp Labora- 
tories of America Inc. in 
Camas. Wash He fe also 



an adjunct professor in 
the Electrical and Com- 
puter Engineering De- 
partment within the 
Oregon Graduate Insti- 
tute School of Science 
and Engineering at the 
Oregon Health and So- 
ence Uruversity. where 
he teaches 1C process 
technology. 

He received a BS de- 
gree in chemistry in 1974 
from the Uruversity of 
Missouri at Rolla and a 
PhD degree from Iowa 
State Uruversity m 1980 
He worked in semicon- 
ductor processing and 
flat-pane] display R&D 
and manufacturing tor 
TeiuTomxlnc of Beaver- 
ton, Oregon, arum 1980 
to 1994 During UUS 
time, his interests in- 
volved plasma proc- 
essing. Uquid-cryStal 
displays, and thm-hlm 
deposition. In 1994. he 
jcqned the IC Process 
Technology Lab. which 
was then a research arm 
of Sharp M i cr oele c tronics 
Technology, this group 
subsequently become 
part of Sharp Laborato- 
ries While at Sharp, he 
has worked on various 
semicond actor proc- 
esses and materials, 
with particular emphasis 
on CMP of new materials 
and device struirtuies. 

Evans can be reached 
by e-roau at DEvans® 
sruuplabs^OAi. 

Masartohu Hana*ono 
has been a general man- 
ager of the chemical- 
methanical planama- 
tion project m the Semi- 
conductor Materials 
Development Division 
of Hitachi Chemical Co. 
Ltd. in Tokyo since 1998. 
His research interests 
include me develop- 
ment and investigation 
of novel materials f Or 
tnin-film devices and 
senuconductors 

Hanaaono received 
his MS degree in ap- 
plied chemistry from die 
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University of Hokkaido 
in 1967 and then joined 
the Hitachi R/^nrch 
Laboratory, where his 
research mainly focused 
on the development and 
evaluation of thin-film 
devices for magnetic 
recording, liquid-crystal 
display*, and semicon- 
ductors. He also was 
manager of The thm-hlm 
dev»ce development 
group in the barne labo- 
ratory H* received bus 

PAD degree from the 
University of Hokkaido 
in 1982 

In 1992. he transferred 
to Hitachi Chemical as a 
manager of the planning 
section, where he Over- 
saw research on new- 
wave approaches for 
new devices. As a proj- 
ect Jeader since 1*98, 
he has concentrated 
on the development of 
CMP slurries. In 2001. 
he received an R&D 
100 Award for the 
development of an 
abrasive-tree slurry 
for CMP of copper 

Hanazonocan 
be reached by e-mail 
at m-hanaaono© 
hitachi-chem co jp. 

Yasuo Kamigatahas 
been a staff researcher 
with the CherruCal- 
mechanical plananza* 
uon materials project 
in the Semiconductor 
Materials Development 
Division of Hitachi 
Chemical Co. Ltd. in 
Tokyo smce 19y8 His 
research interests in- 
clude the development 
of functional devices 
and materials that make 
use of inorganic Sub- 
stances. He received 
hrs MS degree in ap- 
plied chemistry from 
Tokyo Metropolitan 
University in 19»5 and 
joined Hitachi Chemical 
soun afterwaid 
Karnigatacan 
be reached by e-mail 
jtykarrugata© 
hitacru-chem co jp. 



Brian Lee received a BE 
degree from The Cooper 
Union in New YorJc City 
m 1996. and SM and 
PhD degrees frum the 
Massachusetts Institute 
of Technology in 1998 
and 20uZ respectively, 
both m electrical engi- 
neering His principal 
research interests involve 
modeling and characteri- 
zation of shallow trench 
isolation and chemical- 
mechanical plananzanon 
processes Lee is a mem- 
ber ol the Materials -Re- 
search Society, Tau Beta 
Pi. and Eta Kappa Nu. 

Lee can be reached 
by e-mail at bmZlQ 
mtl rfutedu. 

Seung-Mahn Lee *s a 
PhD student in the De- 
partment of Materials 
Saence and Engineering 
at the University of 
flonda His current 
research focuses on the 
study of chemicaJ- 
mecharucal plananzanon 
mechanism*, including 
m stfu electrochemistry 
and the {emetics of 
surface-Jayer formation 
during CMP Of metal 
nlms. His work has led 
to the development of 
novel slurries for the 
polishing of copper and 
refractory layers. He is 
the author of 10 papers 
and has filed two U S. 
patents. He earned BSc 
and MSc degrees in 
metallurgical engineer- 
ing from Korea Univer- 
sity in 199*. 

Lee can be reached 
by e-mad at slee© 
mse.ufl.edu. 

Mansour Moinpourts 
the materials technology 
and ervgineering man- 
ager at Intel Corp.. 
where he focuses on 
materials development, 
selection, <md character* 
izatiun for chemical- 
rnechanical plananzanon 
and advanced dielectric 
marenab tor Intel's 
irvtegnitfid-circuit fab- 
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Andrea Oehler 



rication technologies. 
Previously, he was re- 
sponsible for CMP 
e<Tujpment selection and 
improvements. From 
1994 to 1997. he worked 
with Intel's California 
Tedinology and Manu- 
facturing Croup, where 
he was responsible for 
process and technology 
development m CMP. 
chemical vapor deposi- 
n©n> and metallization 
areas tor advanced deep- 
SubrruCron logic and 
flash memory devices. 

Mompour received 
his PhD degree fn ma- 
terials science and en- 
gineering from the 
University of Washing- 
ton, Seattle, m 19b7. Be- 
fore joining Intel in 1991, 
he served as a research 
assistant professor and 
lecturer m the Depart- 
ments of £lecmcal Engi- 
neering and Materials 
Science and Engineering 
at the University of 
Washington He has 
served on the industry 
faculty advisory com- 
mittee of the department 
smce 1995. He is also an 



Tony Pan 

affiliated advisory com- 
mittee member for the 
Apartment ol Mechani- 
cal Engineering at Tufts 
University Moinpour 
is the past chair of the 
planning committee of 
the CMP Users Croup 
of the Northern Cali- 
fornia Chapter of AVS. 
He has authored or 
co-authored more than 
90 technical publications 
and holds eight patent. 

MoinpOkir can be 
reached by e-mail at 
mansour moinpour® 
Intel com 

Bn j ML Moudgil is a 
professor of materials 
science and engrxteering 
at the University of 
Florida and director of 
the NSFs Engineering 
Research Center for Par- 
ticle Science and Tech- 
nology there Moudgii'S 
research interests in- 
clude selective surfac- 
tant and polymer 
coatings fur targeted 
applications in ad- 
vanced materials and 
minerals processing, 
microclecrronics rnonu- 



Rahul Surana 

facture, and pharma- 
ceutical formulations 
His group has per- 
formed pioneering re- 
search by measuring 
and modeling the effect 
Of nanoscale roughness 
and humidity on mter- 
pamcle forces. These 
studies have provided 
new insights into 
aggregation and dry 
dispersion phenomena 
critical to process and 
product design and de- 
velopment His current 
research in understand- 
ing the role of self- 
assembled surfactant 
structures m dispersing 
nanoparticles and in 
modulating the fncriun 
f orc*& on nano-rough 
surfaces, as encountered, 
m we CMP process, is 
expected to be of major 
sigruficance in develop- 
ing design protocols 
for next-generauon 
CMP slurries 

Moudgil's research 
accomplishments have 
been recognized by sev- 
eral awards, including 
his recent election to the 
National Academy of 
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Alex Tregub 

Engineering (2002), the 
An to me M Gaudm 
Award from SME (1996). 
the Robert H. Richards 
Award from AJME 
(1995). and the Frank F. 
Apian Award from the 
United Engineering 
Foundation (1997) He 
has published more than 
180 technical papers, 
edited or COedl^d 
nine* books, and has 
presented more than 
360 papers at scientific 
meetings and seminars 
at academic institutions 
and private organisa- 
tions, bom m th* US 
and abroad- He has been 
awarded U patents. 

MfludgU can be 
readied by e-mati at 
bmoudgiM^rc ufledu. 

Mehul Naik is a senior 
meniber of technical 
staff in me Process Mod- 
ules Group at Applied 
Material* in Santa Clara, 
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Ajoy Zucshi 

Calif He has worked on 
a variety of projects, m- 
dudmg the first Endura 
system to have CVD 
and FVD chambers on 
the same mainframe to 
integrate CvD Al. CVD 
TiSiN.andFVPAlCu. 
He ha* worked un 
aJ/iow-k integration 
and was the lead engi- 
neer on the Cu/low-* 
integra uan effort as part 
of the overall process- 
module development 
at Applied Materials. 

Naikcan be 
reached by e-mail at 
MehuLNaik®amatxom 

Andrea Oehler joined 
Intel Corp m 1995 and 
is currently a staff engi- 
neer focusing on the 
development, chorac- 
tenzanoa and manu- 
facturability of new 
cheirucal-mecrumiaU 
pjananzauon slurries for 
process optimization 
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Mehul Naik 

and new process mod- 
ules* She o a mentor for 
Qarkson University's 
Semiconductor Research 
Corp. (SRC) program, 
working with abrasives 
in CMP She received 
Ba and PnD degrees 
in materials science 
from Rensselaer Poly 
technic Institute in 1988 
and 1995, respectively, 
where she studied the 
chemical reactions ot 
silica wim water 
Oehler can be 
reached by e-mail at 
andn?a c«hl«^@inte4.coirL 

Tony Pan is an engi- 
neering manager in the 
Process Module Croup 
at Applied Materials 
in Santa Clara, Calif 
His areas ot study have 
involved process devel- 
opment in fntegrated- 
cvcuit fabrication and 
micn^ekcrxorucs, includ- 
ing thin-film, etching. 
plan4ri2at3on. and 
process integration Be- 
fore joining Applied 
Materials, he worked in 
process development 
and research at Xerox 
Integrated Circuit Lab, 
MCC Corp , and Tandem 
Computers- He earned 
a BS degree in physics 
from the National Taiwan 
University as well as MS 
and PhD degrees in ma- 
terials science and engi- 



neering from Cornell 
University. 

Pan can be reached by 
e-uiail at Tony.Pan© 
amatevrn 

Rahul Surana is a 
process engineer with 
the Process Module 
Group at Applied Mate- 
rials m Santa Clara, 
Calif ris research has 
focused on copper 
chemical-mechanical 
plananzatiwn (CMP), 
and more recently, he 
has worked to solve 
copper wiring issues 
related to CMP, electro- 
plating, and barrier u*s± 
He earned a PhD degree 
in chemical engineering 
from the Pennsylvania 
State University 
Surana can be 
reached by e-mail at 
Rahul^uranaiSiarnatcom 

Alex Tjegub has been 
a staff engineer at Intel 
Corp. since 2000 His 
responsibilities include 
the charactk£ri2aoon of 
materials for cnerrucal- 
mecharueal plananzauon 
and low-* and lithogra- 
phy processes. His ex- 
pertise mainly involves 
mechanical, structural 
thermoanalyticaj, and 
adhesion analysis and 
the manufacturing tech- 
nology for polymers and 
polymer composites 

Tregub holds an MS 
degree in electronics 
from Kiev Polytechnic 
Institute and a PhD 
degree in chemistry 
from the Institute of 
Macromoiecules at the 
Ukraruan Academy cd 
Science He ruis authored 
or co-authored more 
than 60 scientific and 
technical publications, 
inducting patents and 
invited reviews Before 
joining Intel, he served 



as a senior staff engineer 
at Kaiser Aertopuce Co. 
Hehasheld rtsearch 
positiona at the Univer- 
sity Of Calif orrua, San 
Diego; the Hebrew Uni- 
versity of Jerusalem; me 
Institute of Macromoie- 
cules, Kiev; and the 
Institute for Nuclear 
Physics. Kiev, from 1993 
to 1994. he was the re- 
cipient of the interna- 
oonal Alexander von 
Humboldt scholarship 
and was a Humboldt 
Foundation fellow at 
the University of Ulrn, 
Germany. He is a mem- 
ber of SaMPE. the New 
York Academy oi Sci- 
ences. NATAS, ACS. 
and IEEE, and serves as 
me vice president of the 
Los AngU-s SAMPE 
chapter and chair of the 
Bay Area Thermal Ana- 
lytical Society (BaTaS) 
He is also a member of 
me ISMT advisory 
board (soft pellicles). 

Tregub can be 
reached by e-mail at 
dlcxander.tregub& 
m tel. cum 

Ajoy Zutshi has been a 
seruor engineering man- 
ager at Applied Maten- 
ais m Santa Clara, Calif ., 
since 1999. His current 
research involves copper 
process integration He 
received his PhD degree 
in ceramic science and 
engineering from Rut- 
gers University in 1992. 
Since 1996, he has held 
several positions in the 
semiconductor equip- 
ment industry Zutshi 
has several patents and 
has published more 
trum 50 works. 

Zutshi can be 
reached by e-mail at 
Ajoy^utshi^rriauum- 
□ 
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